Purpose: To evaluate interval between primary cancer diagnosis and uveal metastasis and assess survival outcomes based on whether the primary cancer was diagnosed before or after uveal metastasis. Methods: In this retrospective analysis, all patients with uveal metastasis evaluated on the Ocular Oncology Service, Wills Eye Hospital, Philadelphia, PA, USA between February 1, 1974 and June 1, 2017 were included. Features and outcomes based on timing of primary cancer diagnosis, whether before or after diagnosis of uveal metastasis, were assessed. Results: A total of 2214 uveal metastases were diagnosed in 1310 eyes of 1111 consecutive patients. Primary cancer was known prior to uveal metastasis in 742 patients (67%) and not known in 369 (33%). Of those not known, the primary cancer was later found in 192 patients (17%) and never found in 177 patients (16%). For those with known primary cancer, mean interval from primary cancer diagnosis to uveal metastasis was 5.2 years with differences in primary sites of gastrointestinal (2.1 years, p = 0.003), lung (2.2 years, p < 0.001), breast (6.5 years, p < 0.001), and thyroid (13 years, p < 0.001). By Kaplan-Meier analysis, the 5-year overall survival showed no difference between patients with primary cancer found before (28%) vs after (20%) vs never found (33%), relative to uveal metastasis. Conclusion: Of 1111 patients with uveal metastasis, early-onset uveal metastases were found with lung and gastrointestinal tract cancers, whereas late-onset metastases were found with breast and thyroid cancers. Overall survival did not vary on whether the primary tumor was diagnosed before, after, or never found, relative to uveal metastasis.
Introduction
Uveal metastasis most often originates from primary sites in the breast, lung, kidney, or gastrointestinal (GI) tract, with clinical features and outcomes varying depending on the source. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In a comprehensive single-center analysis of 1111 patients with uveal metastasis, patient survival was significantly worse with tumors originating in the lung, GI tract, and pancreas compared to those originating in the breast and carcinoid tumors of the lung. 1 For patients with uveal metastasis, regardless of primary site, overall prognosis was poor with 5-year survival estimate of 23%. 1 A previous analysis of 950 uveal metastases in 520 eyes of 420 patients disclosed that 278 patients (66%) had known primary cancer at ocular presentation whereas 142 (34%) had no knowledge of pre-existing malignancy. 2 Of those without pre-existing cancer, the primary site was eventually detected in 69 patients (49%) and included cancers of the lung (35%), breast (7%), GI (1%), and others (6%). 2 Lacking in previous publications is a robust comparison on demographics, clinical features, and survival outcomes based on discovery of the primary cancer, whether before or after the uveal metastasis. 1, 5 Herein, we explore patient demographics, primary cancer type, interval between primary cancer diagnosis and uveal metastasis, and overall survival based on whether the primary cancer was diagnosed before, after, or never found in relation to the uveal metastasis.
Methods
Patients with uveal metastasis evaluated between January 1, 1974, and June 1, 2017 at the Ocular Oncology Service at Wills Eye Hospital, Philadelphia, PA were included. Patients with lymphoproliferative disorders such as lymphoma, leukemia, and myeloma were excluded. This analysis adhered to the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board of Wills Eye Hospital.
Data included patient demographics, primary cancer site, uveal metastasis clinical features, and survival outcome. Demographic data included patient age at the time of ocular diagnosis, sex, and race. Primary cancer information included site of primary malignancy (breast, lung, kidney, gastrointestinal tract, skin, prostate, thyroid, pancreas, others, unknown), date of primary cancer diagnosis, and interval between primary cancer diagnosis and uveal metastasis. Follow up interval and overall survival data were collected.
Clinical features included patient symptoms, involved eye (right, left), laterality (unilateral, bilateral), visual acuity, and intraocular pressure. The total number of metastases per eye, anatomic location of the uveal metastases (iris, ciliary body, choroid), tumor basal dimension (mm), thickness (mm), and color (yellow, orange, brown, other) were recorded. All tumors were counted; however, if multiple metastatic tumors were present in an eye, detailed data were recorded for only the largest tumor per uveal tissue (iris, ciliary body, choroid). In iris metastases, presence of hyphema was recorded. In the choroid, distance to foveola and optic nerve (mm), presence of subretinal fluid, and acoustic quality (dense, hollow) were recorded.
All data were tabulated on Microsoft Excel 2016 and comparative analyses were performed regarding demographics, primary cancer site, tumors features and outcomes based on timing of primary cancer as before, after, or never found, relative to the uveal metastasis. Measures of central tendencies (mean, median, range) were obtained using built in functions. Independent two-sample t-test and analysis of variance (ANOVA) test were used to assess statistical significance between continuous data while Fisher's exact test or chisquared test were used for categorical data. Five-year Kaplan-Meier survival analysis was performed using Microsoft Excel 2016 by grouping censored and death data into halfmonth intervals and comparative analysis was performed based on timing of primary cancer as before, after, or never found, relative to the uveal metastasis. Log-rank test was used to assess statistical significance among Kaplan-Meier data and hazard ratios with 95% confidence intervals were calculated. A P-value less than 0.05 was considered statistically significant for all tests.
Results:
A total of 2214 uveal metastases were diagnosed in 1310 eyes of 1111 consecutive patients. Patient demographics, tumor laterality, and primary cancer site are listed in Table 1 , stratified by timing of primary cancer diagnosis, whether before, after, or never found, relative to uveal metastasis detection. A comparison of cohorts (primary cancer known vs not known before uveal metastasis) revealed significant differences in mean patient age (59 vs 61 years, p = 0.04), patient sex (71% female vs 51% female, p < 0.001), bilateral tumors (21% vs 11%, p < 0.001), and primary site of breast (52% vs 7%, p < 0.001), lung (21% vs 38% p < 0.001), kidney (6% vs < 1%, p < 0.001), gastrointestinal (GI) (5% vs 2%, p = 0.02), cutaneous melanoma (3% vs < 1%, p < 0.001), Others include larynx (n = 6), carcinoid (small intestine, appendix, colon, pancreas, testicle) (n = 6), bladder (n = 4), contralateral choroidal melanoma (n = 3), uterus (n = 3), leiomyoma/leiomyosarcoma (n = 3), salivary gland (n = 2), testicle (n = 2), bone (Ewing sarcoma) (n = 2), liver (n = 1), biliary tract (n = 1), scalp (adenocarcinoma) (n = 1), cervix (n = 1), seminal vesicle (n = 1), ovary (n = 1), myxofibrosarcoma (n = 1), trachea (n = 1), and adenoid cystic carcinoma (n = 1 prostate (3% vs < 1%, p = 0.01), thyroid (2% vs < 1%, p = 0.03), other cancers as a single group (5% vs 1%, p < 0.001), and unknown site [no primary found] (0% vs 48%, p < 0.001). The primary cancer group classified as others is addressed in the footnotes of Table 1 . A flowdiagram was created to demonstrate the percentages of patients whose primary cancer was diagnosed before, after, or never found in relation to uveal metastasis, including a breakdown of primary cancer site for all uveal metastasis. (Fig. 1 ). Primary cancer was diagnosed before uveal metastasis in 94% of patients with breast cancer, statistically similar to patients with primary cancers of the kidney (96%, p > 0.99), skin melanoma (96%, p > 0.99), prostate (91%, p = 0.6), thyroid (93%, p = 0.6), and others (88%, p = 0.2). Compared to breast cancer, primary cancer was less often diagnosed before uveal metastasis in patients with cancer arising in the lung (53%, p < 0.001), lung carcinoid tumor (67%, p < 0.001), GI tract (85%, p = 0.04), and pancreas (63%, p = 0.01). (Fig. 2 ).
For those with known primary cancer before uveal metastasis, the interval from primary cancer diagnosis to uveal metastasis is listed in Table 2 . Overall, the mean interval from primary cancer diagnosis to uveal metastasis was 5.2 years, similar for all races, but with differences per young age [21-40 years] (3.7 years, p = 0.02), older age [81 years] (9.6 years, p < 0.001), female sex (5.9 years, p < 0.001), and those with primary sites of GI (2.1 years, p = 0.003), lung (2.2 years, p < 0.001), breast (6.5 years, p < 0.001), and thyroid (13 years, p < 0.001).
For those with no known primary cancer before uveal metastasis, the findings are listed in Table 3 . There was no difference in interval from ocular diagnosis to establishment of primary cancer site when stratified by demographics or primary tumor site. The mean interval to finding the primary cancer for breast (1.7 months) and lung (1.8 months) cancers was non-significantly shorter than GI cancer (2.5 months) and lung carcinoid (8.6 months).
The ophthalmic features of uveal metastasis based on primary site discovered before, after, or never found are listed in Table 4 . When comparing cohorts (primary cancer found before vs after uveal metastasis), differences were seen in number of metastasis per eye (1.9 vs 1.4, p < 0.001), choroidal tumor basal diameter (9.2 vs 10.7 mm, p < 0.001), choroidal tumor thickness (2.9 vs 3.9 mm, p < 0.001), and subretinal fluid presence (69% vs 82%, p < 0.001).
Kaplan-Meier (KM) survival estimates based on timing of primary site discovered before, after, or never found are listed in Table 5 . There was no significant difference in overall KM survival or mean survival when groups were compared by timing of primary cancer diagnosis. (Fig. 3 ) There was no survival difference for the group whose primary cancer was never found. (Fig. 4 ) For males and females, there was no difference in survival based on timing of primary cancer diagnosis. Similarly, for both breast and lung cancer, overall and mean survival did not change based on timing of primary cancer diagnosis.
Discussion
In prior reports on uveal metastasis, 66-71% of patients presented with knowledge of their primary cancer, 2,6 similar to 67% of patients in this study. However, in this analysis, we found important information regarding knowledge of underlying cancer by primary site. When considering the two most common primary cancer sites, breast and lung cancer, with uveal metastasis, there was a significant difference in that 94% of patients with breast cancer admitted knowledge of primary cancer compared to only 53% of those with lung Fig. 1 . Flow-diagram of uveal metastasis in 1111 patients demonstrating percentage with known or unknown primary cancer at time of uveal metastasis. Primary cancer site for all 1111 patients is seen on the right side of the diagram. The group labeled ''others'' includes kidney, GI, skin melanoma, prostate, thyroid, pancreas, lung carcinoid, and those mentioned in the footnote of Table 1 . cancer (p < 0.001). Other studies on uveal metastasis have reported similar findings and these numbers mirror what has been reported in a large national database regarding the stage of breast and lung cancers at diagnosis. [2] [3] [4] 17 In >500,000 patients diagnosed with either breast or lung cancer, just 5% of patients with breast cancer presented with distant metastasis while 55% of those with lung cancer presented with distant metastasis. 17 Other primary cancer sites that frequently present with distant metastasis include ovary (62%), pancreas (53%), and stomach (33%), and uveal metastasis from these cancers is relatively rare. 1, 17 The lack of an effective screening tool for lung cancer and its asymptomatic nature are likely responsible for the number of patients with lung cancer that present at an advanced stage. 18 The interval from primary cancer diagnosis to uveal metastasis was longer in older individuals (81 years). No other study on uveal metastasis has demonstrated significance by age for this metric, however, a thorough discussion of metastasis by age from this database was reported earlier. 16 Regarding breast cancer specifically, the mean interval from cancer diagnosis to uveal metastatic disease in prior reports ranged from 3.4 to 5.4 years. 3, 6 For lung cancer, mean interval between lung cancer diagnosis and uveal metastasis has been reported as 0.8 to 2.6 years. 4, 6 This analysis supports these findings as mean interval between primary cancer diagnosis and uveal metastasis was 6.5 years for breast cancer (P < 0.001) and significantly shorter at 2.2 years for lung cancer (P < 0.001). Gastrointestinal cancers had a significantly shorter mean interval (2.1 years, P < 0.001) while thyroid cancers (13 years, P < 0.001) had a relatively longer mean interval. No large series on uveal metastasis due to thyroid cancers exists; however, a survey by Besic and Luznik 19 of 22 published cases from multiple centers reported mean interval from diagnosis of thyroid cancer to choroidal metastasis at 10.4 years, similar to our findings. The more favorable life prognosis with thyroid cancer (20-year survival rate > 90%) possibly allows for such late recurrence/metastasis compared to cancers with poorer life prognosis, like lung cancer (20-year survival rate < 10%). 17 Further analysis of relatively late-onset metastases, as seen with thyroid cancer, may increase understanding of the angiogenic, immunologic, and cellular models of cancer dormancy. 20 Historically, renal cell carcinoma and cutaneous melanoma have demonstrated late-onset metastasis 21 ; however, the mean interval to uveal metastasis for these cancers was 4.6 years and 4.9 years, respectively, similar to the overall mean of 5.2 years.
Of patients presenting with knowledge of their primary cancer diagnosis, 71% were female in this study compared to 78% females in a prior large analysis. 2 The predominance of breast cancer in those presenting with known primary cancer is likely responsible for the female majority. This could also explain the high rate of multifocality, bilaterality, smaller choroidal tumor thickness, and less frequent association with subretinal fluid, compared to those presenting with no known primary cancer as prior reports have focused on the tendency for bilateral, multifocal, and flatter tumors in breast cancer metastasis compared to other primary cancer sites. 2, 7 Although there was a female majority in patients with known primary cancer, the sex ratio in those presenting with no known cancer diagnosis was nearly even, 51% females and 49% males. This is consistent with 48% females and 52% males reported previously. 2 While others have documented life prognosis in the setting of uveal metastasis, including reports based on primary cancer site, 1 and patient age, 16 there is no published report exploring survival by timing of primary cancer diagnosis (whether before, after, or never found in relation to uveal metastasis). Freedman and Folk 6 reported median survival time for patients with uveal metastasis due to breast cancer (666 days), lung cancer (188 days), and those with unknown primary (236 days). The median survival time for patients with unknown primary in that study was not significantly different from the breast and lung cancer patients. 6 Our data agree with these findings as no significant survival difference was seen between those with known primary (whether diagnosed before or after uveal metastasis) and those whose primary tumor was never found. It has been shown that females and Fig. 3 . Kaplan-Meier survival analysis for patients with uveal metastasis based on timing of primary cancer diagnosis showing no significant difference between groups, Log rank P = 0.362. Hazard ratio (HR) for death was 0.9 with a 95% confidence interval of 0.6-1.2.
patients with uveal metastasis due to breast cancer 1 or lung carcinoid 1 have longer survival; however, this study shows survival was not significantly different based on whether primary cancer was diagnosed before or after uveal metastasis. This may speak to the difficult nature of managing metastatic cancer, no matter when the primary cancer diagnosis is made in relation to distant metastasis.
In conclusion, this single-center investigation of 1111 patients with uveal metastasis, with analysis based on timing of the primary cancer, revealed several key findings. We found that 67% patients with uveal metastasis presented with known primary cancer and 33% had no known primary cancer. Of those with known cancer, the interval between primary cancer diagnosis and uveal metastasis varied by sex, age, and type of primary tumor with lung and GI cancers presenting with earlier metastasis and breast and thyroid cancers presenting with later uveal metastasis. Of those with no known primary cancer, the primary tumor was eventually found in 52% of cases, leading most often to detection of underlying lung or breast cancers in females and lung or GI cancers in males. Kaplan-Meier 5-year survival was no different for patients with known primary cancer (28%) compared to those whose primary was diagnosed later (20%) or never diagnosed (33%). This information could be of help to physicians evaluating patients with uveal metastasis and in determining ocular treatment plans with overall patient survival in mind.
